INTRODUCTION
============

Musculoskeletal ultrasound (MSUS) is nowadays commonly used as an imaging tool in the evaluation of rheumatoid arthritis (RA). Research in the last decade has focused mainly on the assessment of disease activity in small joints in RA using MSUS \[[@r1]-[@r3]\], while large joints have not been extensively studied so far. Knee joint involvement has not been mentioned by most recent ultrasound scores, it is only included in few ultrasound scores like the 12 joint MSUS score by Naredo *et al*. \[[@r2]\] and in a lately published SOLAR score \[[@r4], [@r5]\], which is focused on large joints in RA, psoriatic arthritis and ankylosing spondylitis.

MSUS enables the skilled examiner to visualize early soft tissue changes and bony erosions, which was already shown and was proven to be superior to conventional x-ray examinations almost 14 years ago by Wakefield *et al*. \[[@r3]\]. MSUS exhibits no patient comorbidity related limiting factors, like there are for MRI examinations and allows a dynamic examination of inflamed joints by gray scale ultrasound (GSUS) and power Doppler ultrasound (PDUS). MSUS proved to be superior to clinical examination and conventional x-ray examination and showed a good correlation to MRI in RA \[[@r6]\]. Large joints are often involved in RA. The knee in particular is affected in about 30% of RA patients and significantly more often bilateral than unilateral \[[@r7]\]. Amor *et al*. \[[@r8]\] published that large joint involvement represents an important prognostic factor associated with radiographic progression. Furthermore knee joint arthritis is a major factor leading towards functional impairment and disability in RA patients \[[@r9]\]. In this study we analyzed RA patients with knee arthritis, its MSUS results in the different patient treatment cohorts (nonsteroidal anti-inflammatory drugs (NSAIDs), conventional synthetic disease modifying antirheumatic drugs (csDMARDs), biological original disease modifying antirheumatic drugs (boDMARD) or a combination) and the different GSUS and PDUS results with the applied acute glucocorticoid (GC) treatment regimens. Our objective was to evaluate the sensitivity to change of the SOLAR ultrasound score \[[@r4]\] for different treatment regimens of knee arthritis in patients with rheumatoid arthritis.

MATERIAL AND METHODS
====================

We used a semiquantitative scoring system, which was recently published \[[@r4]\]. A cohort of 225 RA patients with knee joint arthritis was examined at 4 visits \[baseline (T0), 3 months (T1), 6 months (T2) and 12 months (T3)\]. The affected knee joint in each individual patient was sonographically evaluated with GSUS and PDUS in the different treatment cohorts (NSAIDs, csDMARDs, boDMARDs or a combination) after the initiation of therapy, or change of the established treatment. In this multicenter study, each patient was assessed by the same sonographer, using the same ultrasound machine in the follow up examinations.

Furthermore we documented and considered additional acute treatment therapies, such as intraarticular GCs, systemic GCs, intraarticular and systemic GCs and no GCs. In addition, laboratory and clinical parameters were determined.

Clinical Assessment
-------------------

At baseline and after 3, 6 and 12 months, knees of 225 RA patients were clinically assessed for swelling and tenderness. The patient rated visual analog scale for disease activity (range 0-100) was also reported at each patient\`s visit. In addition, the following data were documented on report sheets: year of birth, sex, height, weight, onset of typical symptoms, current rheumatologic therapy including NSAIDs, csDMARDs, boDMARDs, as well as the acute therapy with systemic, intraarticular or no GC treatment at each visit.

Disease Activity Assessment
---------------------------

The Disease Activity Score in 28 joints (DAS28) was used to assess disease activity at each visit.

Laboratory Evaluation
---------------------

Erythrocyte sedimentation rate (ESR, normal levels \< 20 mm/hour) was obtained at each visit. IgM rheumatoid factor (RF; normal levels \< 24 IU/ml) and anti-cyclic citrullinated peptide (anti-CCP) antibodies (normal levels \< 20 units/ml) were determined at baseline.

US Examination
--------------

The knee was sonographically examined by GSUS and PDUS in a standardized modified manner according to the German \[[@r10]\] and European League against Rheumatism (EULAR) \[[@r11]\] guidelines at baseline and the follow up visits (3,6 and 12 months).

GSUS
----

Synovitis by GSUS was analyzed semiquantitatively from 0 to 3 (0 = absence, 1 = mild, 2 = moderate, 3 = severe, (Table **[1](#T1){ref-type="table"}**)) as described recently \[[@r4]\]. The knee joint was divided into four planes to score for synovitis: the suprapatellar longitudinal scan, the medial longitudinal scan, the lateral longitudinal scan, and the posterior longitudinal scan (Table **[1](#T1){ref-type="table"}**).

PDUS: Synovitis by PDUS
-----------------------

was performed in each scanning plane as described above. In addition the infrapatellar longitudinal scan was scored for hypervascularisation. The semiquantitative findings of PDUS activity for synovitis were scored as follows: Grade 0 = no intraarticular colour signal, grade 1 = up to 3 single colour signals or 2 single colour signals and 1 confluent colour signal representing only low flow, grade 2 = greater than grade 1 to \< 50% of the intraarticular area filled with colour signals representing clear flow, grade 3 = \> 50% of the intraarticular area filled with colour signals \[[@r12]\].

A sum score (Table **[1](#T1){ref-type="table"}**) for the knee was applied according to a recently published scoring system for large joints \[[@r4]\], including the sum of the synovitis scores in the GSUS and the PDUS modes. The range for the sum score for the knee was 0-12 in GSUS and 0-15 in PDUS.

Statistical Analysis
--------------------

Statistical analysis was performed with SPSS statistical software, version 17.02 (SPSS, Chicago, IL). For quantitative parameters (*e.g*., number of patients, age of examined patients, and their disease activity), the mean and +/- SD and range were determined. Significant changes were calculated by the Kruskal-Wallis-Test. P - values less than 0.05 were considered statistically significant. The difference between two groups was calculated using the Mann-Whitney-U Test, values less than 0.05 were considered statistically significant.

RESULTS
=======

Patient Characteristics
-----------------------

A cohort of 225 RA patients with knee arthritis (68% women) with a mean age of 54.9 ± 13.1 years was examined. All patients had RA according to the ACR Criteria of 2010 \[[@r13]\]. At inclusion, 56% of patients (n=125) were RF positive and 44% of patients (n=100) were tested positive for anti-CCP antibodies. The mean duration of symptoms was 87.9 months ± 93.2.

Medication
----------

At baseline 80 patients were treated with NSAIDS, most commonly used were, diclofenac (n= 24), ibuprofen (n= 18), etoricoxibe (n=18) and celecoxibe (n=9). 199 patients received a csDMARD alone or in combination with another csDMARD, as well as a combination of csDMARD and boDMARD. The most commonly used csDMARDs were methotrexate (n=139), leflunomide (n=34) and sulfasalazine (n=14). Altogether 71 patients received a boDMARD therapy with adalimumab (n=47), etanercept (n=14), golimumab (n=6), infliximab (n=3) or tocilizumab (n=1) respectively.

A total of 88.4% (199) of the patients received GCs (57.8% (130) systemic administration, 20% (45) systemic and intraarticular administration and 10.7% (24) only intraarticular injections). 11. 6% (26) never received GCs.

During the 12 months observation period, the immunosuppressive treatment has been adjusted for each RA patient individually based on the clinical findings and experience by the treating rheumatologist.

Laboratory and Clinical Parameters
----------------------------------

The mean ESR was 34.9 mm/h ± 25.1 while the median DAS 28 was 4.60 (3.60 -- 5.70). The DAS28 revealed a significant higher disease activity (p=0,001) in the group which received systemic GCs than in the group receiving only intraarticular GCs at baseline (T0), while significant values (p=0,003) were reached between these groups comparing T3 to T0. The exact values for each group are listed in (Table **[2](#T2){ref-type="table"}**).

Ultrasound Results
------------------

The sum scores were analyzed in the four treatment groups (Table **[1](#T1){ref-type="table"}**). There were no statistical significant differences in the four treatment groups at enrollment of the study (p = 0.137) concerning GSUS, while the median PDUS sum score showed to be significantly (p=0.014) linked to the treatment intensity group, being the highest in the boDMARD group.

Table **[3](#T3){ref-type="table"}** displays the PDUS sum scores from T0 (baseline) to T3 (after 12 months) for all treatment groups. The PDUS sum score revealed a highly significant treatment response as shown in the corresponding table.

For all patients we documented and analyzed the acute GC treatment regimens (systemic, intraarticular, systemic and intraarticular or none) at T0 (baseline). The results are summed up in Table **[4](#T4){ref-type="table"}**. A highly significant difference (p =0.008) was found in the GSUS sum score between intraarticular GCs and no GCs, as well as between intraarticular and systemic GCs (p=0.001). The PDUS sum score between systemic and no GCs was found to be almost significant (p=0.063).

Furthermore we analyzed the response to the acute GC treatment therapies and the differences concerning the GSUS and PDUS sum scores between T0 and T3 (after 12months). The results are displayed in Table **[5](#T5){ref-type="table"}**. Similar to the baseline analysis, we found a significant difference between the GSUS scores concerning intraarticular *versus* no GC therapy (p=0.035) and a highly significant difference (p=0.008) regarding intraarticular *versus* systemic GC therapy.

DISCUSSION
==========

Concerning disease activity, the DAS28 score was found to be higher in patients receiving systemic GCs than those which had only intraarticular GCs at baseline (p=0.001) as well as comparing T3 to T0 (p=0.003). This result may implicate that the DAS28 was used among physicians to decide whether to inject intraarticular GCs or whether to give a systemic administration of GCs, as lower disease activity may not need systemic GCs. The Danish CIMESTRA study \[[@r14]\] found that intraarticular GCs in small and large peripheral joints resulted in rapid, effective and long lasting reduction of inflammation. Landewé *et al*. \[[@r15]\] described that an initial 6-month cycle of intensive combination treatment that includes high-dose corticosteroids, results in sustained suppression of the rate of radiologic progression in RA patients, independent of subsequent antirheumatic therapy. So achieving early disease control with either intraarticular or systemic GCs is of high importance.

The PDUS score in our cohort showed to be strongly linked to the treatment intensity group, being found to be the highest in patients receiving boDMARDs, which reflect the current clinical situation as a high PDUS is associated with a high disease activity and the degree of joint destruction \[[@r16]\].

For all treatment groups the PDUS sum score decreased significantly (p=0.014) showing that physicians achieved a good control of inflammation within the 12 months of observation.

The analysis of the acute GC treatment regimens in GSUS at T0 (Table **[4](#T4){ref-type="table"}**) revealed a significant result (p=0.01) between intraarticular GCs and no GCs groups, as well as between intraarticular and systemic GCs groups (p=0.001), while the difference of the PDUS score was found to be almost significant between groups (p=0.063) at T0. Looking at the difference between T0 and T3 in GSUS (Table **[4](#T4){ref-type="table"}**) we found the same to apply, significant results in GSUS were found comparing intraarticular to no GCs (p=0.035) and between intraarticular and systemic GCs (p=0.008), while the PDUS did not show to be significant. These results interestingly display, that a high GSUS score leads to the administration of intraarticular GCs while a low GSUS score to no GC administration. Further GSUS score is used among physicians to decide whether to administer systemic or intraarticular GCs. Surely not only the ultrasound results, but also the pain or joint mobility restriction could have influenced the decision of the physician to inject GCs. There is a trend (p=0.063) that physicians used the PDUS to decide whether to administer systemic or no GCs at T0.

One major limitation of our study is that different sonography devices and probes were used by different physicians to document the MSUS results. The numbers of patients receiving systemic and local GCs were not equal, so statistical results could have been influenced by that fact. The modification of the immunosuppressive therapy during the follow-up could have interfered with the analysis of the results. Furthermore patients received different additional medical therapies, according to their co morbidities, which could have influenced our results.

CONCLUSION
==========

In conclusion, this study suggests that MSUS and especially GSUS is commonly used among rheumatologists in Germany to decide whether to administer systemic, intraarticular or no GCs, while the PDUS did not show to be a major decision making tool in knee joint arthritis.
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###### GSUS Scanning planes for the knee (maximal score 12).

  **Nr.**   **Plane**                                     **Grade 0**   **Grade 1**                                               **Grade 2**                                             **Grade 3**
  --------- --------------------------------------------- ------------- --------------------------------------------------------- ------------------------------------------------------- ----------------------------------
  1\.       Suprapatellar longitudinal                    normal        JCD parallel to the femur bone                            JCD straight                                            JCD convex
  2\.       Medial longitudinal of femuro-tibial joint    normal        JCD parallel to bone no distension over the joint space   JCD parallel to bone distension above the joint space   JCD convex above the joint space
  3\.       Lateral longitudinal of femuro-tibial joint   normal        JCD parallel to bone no distension over the joint space   JCD parallel to bone distension above the joint space   JCD convex above the joint space
  4\.       Posterior longitudinal                        normal        slight JCD over the jointspace                            JCD parallel to bone, distension over the joint space   JCD convex above the joint space

JCD: joint capsule distension

###### Laboratory and ultrasound parameter.

  -------------------------------------------------------------------------------------------------------
  **Parameter**              **Total**\      **Group 1**\   **Group 2**\    **Group 3**\   **Group 4**\
                             **(n = 225)**   **(n = 26)**   **(n = 130)**   **(n = 24)**   **(n = 45)**
  ---------------- --------- --------------- -------------- --------------- -------------- --------------
  ESR                        n = 211         n = 24         n = 122         n = 22         n = 43

  T0               mean.     34,9            27,5           37,0            27,3           37,1

                   ± Std     25,1            21,8           25,8            21,4           26,0

                             n = 202         n = 22         n = 121         n = 21         n = 38

  T1               mean.     24,1            25,9           25,0            23,5           20,7

                   ± Std     19,1            17,0           20,2            18,8           15,2

                             n = 202         n = 23         n = 120         n = 22         n = 37

  T2               mean.     24,6            25,8           26,2            21,1           20,4

                   ± Std     44,5            15,0           56,2            19,6           15,2

                             n = 213         n = 25         n = 125         n = 22         n = 41

  T3               mean.     20,0            21,6           20,0            18,0           19,9

                   ± Std     17,0            11,4           17,9            14,8           18,6

  DAS28                      n = 216         n = 24         n = 125         n = 23         n = 44

  T0               mean.     4,69            4,03           5,05            3,76           4,56

                   ± Std     1,41            0,945          1,48            1,08           1,19

                             n = 210         n = 26         n = 120         n = 23         n = 41

  T1               mean.     3,52            2,89           3,63            3,76           3,62

                   ± Std     1,32            0,994          1,36            1,08           1,28

                             n = 218         n = 26         n = 125         n = 24         n = 43

  T2               mean.     3,41            2,95           3,47            3,33           3,57

                   ± Std     1,20            0,985          1,31            0,989          1,02

                             n = 219         n = 25         n = 128         n = 23         n = 43

  T3               mean.     3,14            3,08           3,14            3,08           3,22

                   ± Std     1,34            0,883          1,34            1,30           1,59

  GSUS sum score   n = 206   n = 26          n = 121        n = 22          n = 37         

  T0               mean.     5,33            5,27           4,98            6,23           6,00

                   ± Std     2,97            3,03           2,84            3,18           3,10

                             n = 209         n = 25         n = 120         n = 23         n = 41

  T1               mean.     3,08            2,72           3,08            4,04           2,73

                   ± Std     2,74            2,88           2,76            2,82           2,51

                             n = 209         n = 26         n = 120         n = 21         n = 42

  T2               mean.     2,45            2,19           2,46            2,57           2,52

                   ± Std     2,48            3,09           2,40            2,16           2,53

                             n = 220         n = 26         n = 126         n = 24         n = 44

  T3               mean.     2,09            2,04           2,06            2,25           2,11

                   ± Std     2,45            2,82           2,46            2,33           2,67
  -------------------------------------------------------------------------------------------------------

Group 1: no GC administration, Group 2 only systemic GC, Group 3 only intraarticular GC, Group 4 both intraarticular and systemic GC.

###### PDUS sum scores for the knee for all treatment groups.

  ---- ------------- ----------------
  T0   3.42 ± 4,68   p = \< 0.001\*
  T1   1.60 ± 2,17   
  T2   1.12 ±2,07    
  T3   0.81 ± 1,52   
  ---- ------------- ----------------

*P* value was calculated using the Kruskal-Wallis-Test, \* p\<0.01.

###### Acute GC treatment regimens at baseline (T0).

  **Treatment regimen**   **GSUS sum score**   **p value**    **PDUS sum score**   **p value**
  ----------------------- -------------------- -------------- -------------------- -------------
   Intraarticular GCs      6.63 ± 3.27          p=0.008\*      3.80 ± 3.58          p=0.160
  *vs*.                                                                            
   No GCs                  4.77 ± 3.04          2.39 ± 2.68                        
   Systemic GCs            4.88 ± 2.78          p=0.647        3.63 ± 5.23          p=0.063
  *vs*.                                                                            
   No GCs                  4.77 ± 3.04          2.39 ± 2,68                        
   Intraarticular GCs      6.63 ± 3.27          p=0.001\*      3.80 ± 5.58          p=0.727
  *vs*.                                                                            
   Systemic GCs            4.88 ± 2.78          3.63 ± 5.23                        

Mean values ± SD. P value was calculated using the Mann-Whitney-U-Test, \* p\<0.01.

###### Response to acute GC treatment therapies between T0 - T3.

  ** Treatment regimen**   ** GSUS sum score**   ** p value**   ** PDUS sum score**   ** p value**
  ------------------------ --------------------- -------------- --------------------- --------------
   Intraarticular GCs       4.71 ± 3.54           p=0.035\*      3.26 ± 3.83           p=0.362
  *vs*.                                                                               
   No GCs                   2.88 ± 2.80           2.10 ± 2.38                         
   Systemic GCs             2.90 ± 3.20           p=0.993        2.72 ± 5.50           p=0.716
  *vs*.                                                                               
   No GCs                   2.88 ± 2.80           2.10 ± 2.38                         
   Intraarticular GCs       4.71 ± 3.54           P=0.008\*\*    3.26 ± 3.83           p=0.454
  *vs*.                                                                               
   Systemic GCs             2.90 ± 3.20           2.72 ± 5.50                         

Mean values ± SD. P value was calculated using the Mann-Whitney-U-Test, \* p\<0.05; \*\* p\<0.01.
